In the United States, major structural or genetic birth defects affect approximately 3% of live births (1) and are responsible for 20% of infant deaths (2) . Birth defects can affect persons across their lifespan and are the cause of significant lifelong disabilities. CDC used the Healthcare Cost and Utilization Project (HCUP) 2013 National Inpatient Sample (NIS), a 20% stratified sample of discharges from nonfederal community hospitals, to estimate the annual cost of birth defect-associated hospitalizations in the United States, both for persons of all ages and by age group. Birth defect-associated hospitalizations had disproportionately high costs, accounting for 3.0% of all hospitalizations and 5.2% of total hospital costs. The estimated annual cost of birth defect-associated hospitalizations in the United States in 2013 was $22.9 billion. Estimates of the cost of birth defect-associated hospitalizations offer important information about the impact of birth defects among persons of all ages on the overall health care system and can be used to prioritize prevention, early detection, and care.
CDC used the HCUP 2013 NIS sponsored by the Agency for Healthcare Research and Quality (3) . The NIS is a 20% stratified sample of discharges from nonfederal community hospitals and does not include rehabilitation and long-term care hospitals. Readmissions for the same person cannot be distinguished, and a person might be included in the data more than once, therefore these data cannot be used to study costs at an individual level. Patients who die during their hospitalization are included in the NIS. CDC included discharges among patients of all ages from January 1 through December 31, 2013. Birth defects were identified through International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 740.00-759.9. CDC did not consider the following conditions to be birth defects: 1) persistent fetal circulation (747.83) or balanced autosomal translocation in a normal person (758.4), if they were the only secondary fields) were analyzed for all birth defects combined, for categories of birth defects broadly defined by organ system (4), and for individual defects.
Cost was calculated as the product of facility fee charge, costto-charge ratio, and professional fee ratio. The cost-to-charge ratio is used to account for the difference in the amount billed (charge) and the payment received by hospitals (cost). CDC used the HCUP hospital-specific all-payer inpatient cost-tocharge ratio when available, or the weighted group average all-payer inpatient cost-to-charge ratio otherwise (5) . Hospital charges represent the facility fees charged by hospitals and do not include the cost of physician services, which are billed separately. Professional fee ratios (PFR) provide the means to adjust charges to reflect the estimated cost of services by physicians, which often account for 20%-25% of the cost of a given hospital visit (6) . CDC obtained PFR data for 2012 Medicaid and commercial insurance and assigned PFRs to discharges by diagnostic-related group (6) . All discharges of patients aged ≥65 years were assigned commercial PFRs (because Medicare reimburses at a similar rate to commercial insurance), whereas discharges of patients aged <65 years were assigned PFRs based on the coded payer. Data analysis was performed with SAS 9.4 using survey procedures to account for sampling design. The weighted number of discharges with a birth defect diagnosis code were totaled. The mean, median, and total cost were calculated and stratified by organ system and individual defects.
The total weighted cost for birth defect-associated hospitalizations was $22,946,158,457 (Table 1) , representing 5.2% of total costs for all hospital discharges. The costs for birth defect-associated hospitalizations were highest among patients aged <1 year ($8,901,015,375) compared with other age groups ( Table 1) . Among admissions of all patients aged <1 year, birth defect-associated hospitalizations represented 35.0% of total costs. For patients aged 1-5 years, the cost of birth defectassociated hospitalizations was $1,532,487,122, representing 6.7% of total birth defect-associated hospitalization costs. The median cost for birth defect-associated hospitalizations was lowest among patients aged <1 year ($2,126) and highest among patients aged ≥65 years ($13,270) ( Table 1) .
Among the organ systems considered (Table 2) , cardiovascular defects accounted for the largest percentage of birth defect-associated hospitalizations (14.0%), and the highest total cost, approximately $6.1 billion (26.6% of total birth defect-associated hospitalization costs). Within cardiovascular defects, critical congenital heart defect-associated hospitalizations had the highest mean and median cost of the birth defect categories considered ($79,011 and $29,886, respectively). Central nervous system defects accounted for the second most frequent birth defect-associated hospitalizations (6.2%), with a total cost of approximately $1.7 billion. Among noncardiovascular defects, eye defect-associated hospitalizations had the highest mean cost ($44,441), and ear defects had the highest median cost ($11,349). The specific birth defect with the highest median hospitalization cost was interrupted aortic arch (median = $76,109; interquartile range [IQR] = $14,893-$170,601) (Figure) . of $5.0 billion. However, estimates based only on the primary ICD-9-CM codes are likely to be an underestimate of costs, because birth is often coded as the principal diagnosis for birth hospitalizations (8) , and because birth defects might be important factors contributing to hospitalizations associated with other primary diagnosis codes.
The findings in this report are subject to at least five limitations. First, use of all diagnosis codes might have overestimated costs because the coded birth defect might have been incidental to the reason for the hospitalization. Conversely, birth defects that influence conditions leading to hospitalization might be less likely to be coded as a person ages. Second, the primary analysis included preterm infants, who have higher associated hospitalization costs (9) , potentially leading to an overestimate of cost. Although preterm birth is more common in infants with birth defects (10), the extent to which hospitalization costs are attributable to preterm birth, rather than the birth defect, cannot be estimated with these data. Third, some children had more than one birth defect diagnosis; attributing the cost of hospitalization to each defect independently in these children might have resulted in an overestimate of= the cost of one or more of the individual defects. Fourth, although NIS data are routinely used for research, their source data were originally created for billing purposes and diagnoses are not validated, which might have led to an over-or underestimate of average costs. Finally, the cost-to-charge ratios used in this analysis were based on aggregated hospital data and were not specific to the departments or treatments more likely to be used for birth defect hospitalization, which might have affected the cost estimate in either direction.
By estimating the cost of birth defect-associated hospitalizations, both researchers and policy makers can be more informed of the impact of birth defects on the health care system and can use this knowledge to motivate change through prevention, early detection, and care throughout the lifespan of affected persons.
Among birth defect-associated hospitalizations, 11.8% had a primary birth defect ICD-9-CM code. The total estimated cost for those hospitalizations was $5,043,781,895 (95% confidence interval [CI] = $4,184,620,375-$5,902,943,416), accounting for 1.1% of total hospital costs and 22.0% of birth defect-associated hospitalization costs when all discharge diagnoses were included. Among the birth defect types examined using only the primary birth defect ICD-9-CM codes, hypoplastic left heart syndrome had the highest mean cost ($164,994; 95% CI = $133,224-$196,763) and interrupted aortic arch had the highest median cost ($119,303; IQR = $68,223-$189,344).
After excluding discharges with ICD-9-CM or Diagnosis Related Group codes indicating preterm birth, the total estimated cost for birth defect-associated hospitalizations was $18,884,865,845 (95% CI = $17,185,471,370-$20,584,260,320) or 82.3% of total costs of all birth defect-associated discharges.
Discussion
CDC's analysis of NIS data indicates that the annual cost of hospitalizations that included a birth defect discharge diagnosis code in 2013 was $22.9 billion. Although birth defect-associated hospitalizations accounted for 3.0% of all hospitalizations, they accounted for 5.2% of total hospital costs, highlighting the disproportionately high costs of treating patients with these conditions. The share of costs was especially high for infants, accounting for 35.0% of total hospitalization costs for children aged <1 year. Across all ages, costs were particularly high for hospitalizations associated with cardiovascular defects, which accounted for approximately 14.0% of birth defect-associated hospitalizations but 26.6% of birth defect-associated costs.
In a previous analysis of 2004 HCUP data, the total cost of birth defect-associated hospitalizations was estimated at $2.6 billion (7). This estimate was based only on primary ICD-9-CM discharge diagnosis codes. Inclusion of only primary diagnosis codes in this analysis resulted in an estimate
